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INTRODUCTION
Posteromedial knee injuries are very common and their specific diagnosis, treatment, and prognosis are dependent on detailed knowledge of the anatomy and the ability to communicate clinically consistent standardised terminology. The distal semi-membranosus muscle-tendon-unit (SMTU) reinforces the posterior aspect of the knee from medial to lateral via its multiple expansions. Appreciating the expansions and the clinically relevant structures that are associated with each expansion will enable the health care provider to recognise the clinical significance that the semimembranosus has in the posteromedial stability of the knee. The objective of this study was to review the literature regarding the morphology, terminology, and clinical relevance of the distal SMTU and conduct an observational analysis using cadaveric dissection to clarify its morphology and suggest an alternative, standardised nomenclature.
Historic anatomical texts first proposed that the distal SMTU has multiple fibrous expansions [15, 43] . Recently, multiple research studies published in specialty journals have confirmed this and have revealed specific morphologies of the distal attachments of these expansions. However, the majority of current anatomical texts and atlases, except Standring [38] and Miller et al. [28] , fail to accurately detail the distal SMTU. Rather they describe or illustrate a single insertion on the posteromedial aspect of the medial condyle of the tibia [1, 4, 5, 7, 8, 10-14, 19, 29, 32, 36, 37, 39] . Despite multiple arborising branches of the distal SMTU, the terminology is inconsistent and confusing regardless of the specialty area of interest.
All texts, atlases, and specialty journals refer to the oblique popliteal ligament when discussing the distal semimembranosus insertion. Furthermore, though the majority of the texts and journal articles describe the distal semimembranosus tendon contributing to the oblique popliteal ligament (OPL) [1-3, 5-9, 12-18, 21-23, 25, 27-31, 33-38, 40, 43-45] few have hypothesised that this ligament is indigenous to the semimembranosus tendon; therefore, none have formally recognised this structure as a tendon itself. This study's proposed standardised nomenclature change of the distal SMTU includes the renaming of the OPL as the oblique popliteal tendon.
MATERIALS AND METHODS
A literature search was conducted on anatomical texts and atlases, orthopaedic texts, websites, and specialty journals (orthopaedic and radiological), regarding the distal SMTU. Deep dissections were performed on 31 embalmed cadavers (17 male, 14 female, age: 55-89, average: 79.6 years), 56 knees in total (27 right and 29 left). Exclusion criteria were amputation, knee replacement, or any gross damage to the knee joint. A skin incision was made in the anterior and posterior compartments of the knee starting 20 cm superior to the knee joint and extending 20 cm distal to the knee joint. Skin and fascia were reflected away from the midline until the tissue met the opposite incision. The distal semimembranosus tendon was identified superiorly. Both heads of the gastrocnemius were reflected at their superior attachments to fully expose the distal SMTU and the OPL. The contents of the popliteal fossa were carefully removed to preserve and expose the complete morphology of the SMTU. The distal aspect of the medial collateral ligament was reflected in order to expose the posteromedial aspect of the SMTU. Once the SMTU was identified superior to the joint line, it was dissected distally to analyse its morphology. The patterns of the SMTU were recorded. The most distal bony insertion of the semimembranosus was then reflected medial to lateral to observe whether or not the OPL was indigenous to the SMTU.
RESULTS
The literature search revealed two historical texts (prior to 1980, Essentials of human anatomy, 6 th Ed.
and Anatomy for surgeons, Vol. 3: The back and limbs) that described multiple expansions of the distal SMTU [15, 43] . Essentials of human anatomy, 6 th Ed. states:
"The tendon of insertion of the semimembranosus ends mainly in the horizontal groove on the posteromedial aspect of the medial condyle of the tibia. Fibrous expansions of the tendon reach the lateral condyle of the femur (oblique popliteal ligament of the knee joint), the fascia of the popliteus muscle, and the tibial collateral ligament" [15] . Anatomy for surgeons, Vol. 3: The back and limbs states: "It (semimembranosus) becomes entirely tendinous behind the medial condyle of the femur, the tendon being rather short but heavy and inserting into the back of the medial tibial condyle. The straight part of the tendon attaches to the medial meniscus as it crosses that, and hence can help move the meniscus posteriorly. As it goes to its insertion it gives off an expansion that runs anteriorly to attach to the tibia deep to the tibial collateral ligament, another that runs obliquely upward and laterally across the posterior aspect of the knee joint, reinforcing and largely forming the oblique popliteal ligament, and still another that joins that fascia over the posterior surface of the popliteal muscle" [43] . Contemporary anatomical texts and atlases all describe or depict single distal attachment morphology of the distal SMTU [1, 4, 5, 7, 8, 10-14, 19, 29, 32, 36, 37, 39] Tables 1, 2 ). The chronological account of the descriptions of the distal SMTU in orthopaedic and radiologic journal articles begins in 1948 and has continued to the present day. In 1948, Cave and Porteous [6] noted that there were five distal slips including the OPL. Cave and Porteous [6] described these slips as "short, stout, strong tendinous slips, descending in the line of the main insertion tendon and firmly attached to a prominent squarish tubercle on the posterolateral aspect of the medial tibial condyle, an expanded, thin superficial tendon, obscuring the deep lying first component and proceeding infero-medially to an insertion upon the medial margin of the tibia immediately behind the medial ligament of the knee joint, a thin aponeurotic expansion covering m. popliteus and gaining an indirect attachment to the soleal (popliteal) line, a thick funicular, recurrent tendon passing infero-anteriorly, deep to the medial ligament of the knee joint, to gain attachment to the inferior lip and neighbourhood of the groove for semimembranosus on the medial tibial condyle, a variable number of irregularly disposed fasciculi, collectively constituting the oblique popliteal ligament and arising from the deep aspect of the main tendon of insertion" [6] .
In 1961, Kaplan [20] indicated the complex nature of the semimembranosus insertion as dividing into several parts as it passes over the posterior half of the medial condyle and articular line of the knee joint. "One branch forming the direct insertion continues the course of the tendon and inserts directly and firmly into a tubercle (infraglenoid tubercle) found on the posterior face of the medial tuberosity of the tibia below the articular line and nearer the lateral end of this tuberosity. The tendon is continued distally and forms a wide aponeurotic fibrous expansion that fuses into the fascia of the popliteus and the periosteum of the medial part of the tibia posterior to the tibial insertion of the medial collateral ligament. Above the infraglenoid tubercle, the tendon of the semimembranosus is intimately attached to the posterior part of the capsule of the joint and also to the medial meniscus. The author found this insertion to be constantly present and responsible for posterior displacement of the medial meniscus in contractions of the semimembranosus. At this point the semimembranosus sends up oblique fibres that blend into the posterior capsule of the knee joint and are known as the posterior oblique ligament of the semimembranosus. These fibres contribute to tension of the capsule in flexion. Another insertion of the semimembranosus comes off at the articular line and forms a tendon-like structure anterior to the direct insertion. It crosses the articular line and enters a groove below the articular surface parallel to it on the posteromedial aspect. This tendinous insertion runs toward the anterior part of the medial collateral ligament and becomes fixed just behind the anterior part of the medial collateral ligament" [20] .
In 1976, Hughston et al. [17] stated: "The tibial arm of the semimembranosus tendon has several branches including the fibrous covering which spreads out over the popliteus muscle". Following this, in 1979, Warren and Marshal [42] described the SMTU as having two main insertions and a tendon sheath. Specifically, "Most of the semimembranosus tendon inserts in bone through the direct insertion at the posteromedial corner of the tibia just below the joint line. A more anterior insertion, which is an extension of the direct insertion, proceeds around the medial side of the tibia just below the joint line. This anterior insertion lies deep to the superficial medial ligament and layer II and distal to the tibial margin of the capsule. It sends fibrous extensions upward and downward into layer II. The most clearly defined of these fibre tracts are the ones that extend directly upward over the medial condyle and across the back of the knee to the lateral condyle, forming the oblique popliteal ligament." A third, smaller extension: "runs distally to insert on the tibia posterior to the inferior oblique portion of the superficial medial ligament and to blend with the oblique fibres of that ligament to a varying degree. The division between the tendon fibres (going directly to bone) and the fibres of the sheath (splaying out into the posteromedial part of the capsule) is usually clear. The tendon itself, however, may divide and distribute a few of its fibres to the posteromedial part of the capsule and to the oblique popliteal ligament". In 1989, Yao and Joong [45] stated that there were "five distal expansions of the semimembranosus tendon". "Central tendon insertion, attachments to the deep capsule and the posterior horn of the medial meniscus, anterior limb inserting deep to the medial collateral ligament, distal fibrous expansion over the popliteus muscle, lateral contribution to the oblique popliteal ligament" [45] .
In 1997, Kim et al. [21] divided the distal SMTU into five segments: "capsular, direct, anterior and inferior branches, and the oblique popliteal ligament," and added a sixth "tendinous insertion found in 16/ /37 (43.2%) knees. The sixth tendinous fibre bundle was found to insert at the lateral meniscus". In 1999, Loredo et al. [27] concluded that there are "five arms of insertions, one being a principle attachment consisting of a series of slips of tendon". The principal or direct attachment was to the "tibial tubercle on the posterior aspect of the medial tibial condyle (just below the joint line)". The other slips were "anteriorly just beneath the superficial MCL; a third arm, derived mainly from the tendon sheath, blends with the posteromedial capsule; a fourth contributes substantially to the oblique popliteal ligament which extends over the posterior surface of the joint capsule; the fifth arm blends distally with the superficial MCL" [27] .
In 2003, Beltran and Matityahu [2] explained the normal anatomy of the SMTU quite similarly to Kim et al. [21] "The distal semimembranosus tendon divides into five tendinous branches or arms at approximately the level of the joint line: the anterior or tibial arm, the direct arm, the inferior or popliteal arm, the capsular arm, the oblique popliteal ligament" [27] . This article further describes the expansions as follows: "The anterior or tibial arm, also known as the reflected arm, extends anteriorly passing under the posterior oblique ligament and inserts in the medial aspect of the proximal tibia under the tibial collateral ligament. The direct arm also has an anterior course, deep to the anterior arm, and it attaches in the posterior medial aspect of the tibia. The inferior or popliteal arm extends more distally than the anterior and the direct arms. It passes under the distal tibial segments of the posterior oblique ligament and the tibial collateral ligament, inserting just above the tibial attachment of the tibial collateral ligament. The capsular arm is contiguous with the posterior oblique ligament… and continuous with the OPL posteriorly. The OPL is a thin, broad lateral extension of the semimembranosus tendon that covers and blends with the posterior medial capsule and extends beyond the midline of the joint to intertwine its fibres with the arcuate ligament from the lateral posterior aspect of the knee. Additionally, two other tendinous extensions have been described: a distal attachment of the inferior or popliteal arm into the aponeurosis of the popliteus muscle, and an inconstant attachment to the posterior horn of the lateral meniscus" [27] .
In 2004, Sims and Jacobson [35] described the posteromedial corner of the knee including five expansions of the SMTU as follows: "The pars reflexa, passing anteriorly beneath the tibial collateral the tibial collateral ligament and inserting directly on the tibia, the direct posteromedial tibial insertion, the oblique popliteal ligament insertion, the expansion to the POL, the popliteus aponeurosis expansion".
Again, in 2005, Koularis and Connel [23] described five tendinous arms or expansions to the medial tibial condyle. Three to the medial tibial condyle: "anterior, direct, and inferior arms". "The first three arms are closely related to the tibial collateral ligament, coursing deep to it". Also this article includes the "posterior oblique ligament (capsular arm), posterior joint capsule and arcuate ligament (oblique popliteal ligament)" and "slips to lateral meniscus in slightly less than one half of the population. Small slips of the semimembranosus tendon insert onto the posterior horn of the lateral meniscus" [23] .
In 2006, Wymenga et al. [44] depicted the SMTU via pictures of fresh frozen cadaver tissue having five insertions: "the direct arm, posterior extension, capsular extension, tibial posterior extension, and inferior extension semimembranosus tendon sheath".
The most comprehensive description of the SMTU was published in 2007 by LaParade et al. [24, 25] . This article stated that there are: "Eight consistent posterior attachments of the semimembranosus muscle distal to the main common tendon at the knee. A direct arm, an attachment of the semimembranosus muscle distal to the main common tendon, a lateral tendinous expansion of the main common tendon that contributed to the oblique popliteal ligament, and an attachment to the coronary ligament of the medial meniscus, the oblique popliteal ligament, a proximal posterior capsular arm, a distal tibial expansion, an anterior arm, and the components of the posterior oblique ligament" [25] .
Finally, in 2010, Turman et al. [40] referenced the previous paper published by LaParade et al. [25] and stated that the morphology of the distal SMTU has eight distal attachments.
Specifically with regard to the OPL, the following journal articles noted that the distal semimembranosus tendon forms the OPL. Cave noted the OPL as "a variable number of irregularly disposed fasciculi, collectively constituting the oblique popliteal ligament and arising from the deep aspect of the main tendon of insertion" [6] . Last [26] stated, "posteriorly the joint (knee) is also reinforced; an expansion from the tendon of insertion of semimembranosus extends upwards and laterally across the posterior part of the true capsule. This is the oblique posterior ligament of Winslow". Kaplan [20] writes, "The semimembranosus sends up oblique fibres that blend into the posterior capsule of the knee joint and are known as the posterior oblique ligament of the semimembranosus". Hughston and Eilers [18] depict the medial-posterior aspect of the right knee showing the OPL, which "originates from the capsular arm of the semimembranosus, which sends supporting fibres to the posterior oblique ligament". Warren and Marshal [42] state, "The most clearly defined of these fibre tracts are the ones that extend directly upward over the medial condyle and across the back of the knee to the lateral condyle, forming the oblique popliteal ligament". De Maeeseneer et al. [9] explain the formation of the OPL this way: "Along the posterior aspect of the knee, this structure (the POL) receives fibres from the semimembranosus tendon and synovial sheath. It envelops the posterior aspect of the femoral condyle, and in this area it is termed the oblique popliteal ligament". Recondo et al. [31] state "The oblique popliteal ligament joins the recurrent fascicle of the semimembranosus tendon, which reinforces the capsule". Beltran and Matityahu [2] states "the OPL is a thin, broad lateral extension of the semimembranosus tendon that covers and blends with the posterior medial capsule and extends beyond the midline of the joint to intertwine its fibres with the arcuate ligament from the lateral posterior aspect of the knee".
Embalmed cadaver dissection revealed a trifurcation of the distal SMTU at the posterior aspect of the medial femoral condyle in each of the 56 dissected knees. The trifurcation was analysed from proximal to distal. The first identified expansion coursed in a superior oblique direction to attach into the lateral aspect of the joint capsule directly posterior to the lateral femoral condyle. The second identified expansion of the trifurcation had an anterior course. It provided fibres into the medial meniscus and the medial collateral ligament, and terminated into the anteroinferior aspect of the medial tibial condyle. The third and terminal identified expansion of the trifurcation took an inferior course to the posterior inferior aspect of the medial tibial condyle, and was consistently more inferior than the anterior limb. This limb also provided fibres to the fascia of the popliteus muscle (Figs. 1A, B) . Further analysis of the first expansion of the SMTU that coursed in a superior oblique manner required the SMTU to be reflected from its terminal insertion in a medial to lateral direction. This demonstrated that this expansion, the alleged oblique popliteal ligament, was in fact indigenous to the semimembranosus tendon and free of bony origin in each of the 56 dissected knees (Fig. 2) .
DISCUSSION
Hollinshead and Woodburne both described multiple expansions of the distal SMTU contributing fibres to the oblique popliteal ligament, fascia over the popliteus muscle, medial collateral ligament, and lateral condyle of the femur [15, 43] . Subsequently, numerous studies have confirmed the multiple fibrous expansions of the distal SMTU and their importance in posterior and medial knee stabilisation. However, all but two contemporary anatomical texts and atlases [28, 38] continue to refer to or depict a single distal attachment. With regard to the OPL, Woodburne [43] states that it is formed from the fibres of the distal semimembranosus tendon. All other anatomical texts and atlases that consider or depict the OPL state that the distal semimembranosus tendon contributes fibres to the OPL [1-3, 5-9, 12-18, 21-23, 25, 27-31, 33--38, 40, 43-45] . Our dissections revealed that the OPL originated solely from the distal semimembranosus tendon; therefore, it is in fact a tendon by the true sense of the definition. It is not a ligament inserting from bone to bone. We suggest this tendon be referred to as the oblique popliteal tendon (Fig. 1B) .
Furthermore, though there is controversy regarding the less prominent expansions of this tendon, each study does agree on three expansions: an anterior arm, direct arm, and OPL. Despite this agreement, a common nomenclature for the distal SMTU does not exist. This study reveals a consistent trifurcation of the distal SMTU; therefore, the authors propose that the expansions of the trifurcation be named the oblique popliteal expansion (oblique popliteal tendon, not ligament), the anterior expansion, and the inferior expansion.
The order from proximal to distal regarding the limbs of the trifurcation is as follows. The oblique popliteal limb is the most proximal and is so named because it runs in a superior oblique manner across the popliteal fossa with expansions inserting into the posterior capsule. Next, the anterior limb is so named because of its anterior orientation, and the fact that it sends off expansion fibres to anteromedial structures including the medial meniscus and the medial collateral ligament. Finally, the inferior limb is so named because of its inferior orientation, which also sends off expansion fibres inferiorly to the fascia of the popliteus muscle. It inserts at the posteroinferior aspect of the medial tibial condyle (Fig. 2) .
The posterior aspect of the knee has been studied increasingly because of its clinical relevance. Surgeons, biomechanists, physical therapists, all health care providers dealing with the musculoskeletal system, and anatomists need to have a definitive and precise understanding of the morphology of the distal SMTU. This study revealed a consistent trifurcation with three distinct limbs. This enabled accurate anatomical terminology to be used by all clinical and educational health care providers. Furthermore, this study strongly proposes the change of terminology from OPL to tendon. This is clinically important because of the proprioception of a tendon vs. a ligament. This may suggest a greater role by the distal semimembranosus tendon in posterior knee stability. 
